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0 Insulated flowllne system. 

0 An insulated flowline system (1) Is provided 
which comprises at least one flowllne (3,5,7.9) and 
an Insulation layer substantially surrounding the 
flowllne. The insulation layer includeis at least one 
chamber (12) substantially filled with an insulation 
composition, said Insulation composition compnsing 
a plurality of packed solid particles of lightweight 
material, whereby a plurality of pores are formed 
between the particles, which pores are substantially 
filled with a fluid. 
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The present invention relates to an insulated 
flowline system. To transport a fluid through a 
flowline it can be required to themially Insulate the 
flowline In order to prevent undesired temperature 
changes of the fluid In the flowline. Adequate In- 
sulation is particularly important when hot hydro- 
carbons are transported through flowlines which are 
positioned in a cold environment, for example in 
offshore applications when hot hydrocarbons are 
transported through flowlines positioned on the 
seabed. In certain applications the flowlines should 
also be protected against damage from external 
forces, for example from the Impact of trawler 
boards on subsea flowlines. Furthermore, such 
flowlines should be constructed and installed In a 
cost effective manner. 

It is an object of the present invention to pro- 
vide an Insulated flowline system which meets 
these and other requirements. 

In accordance with the invention there is pro- 
vided an insulated flowline system comprising at 
least one flowline and an insulation layer substan- 
tially surrounding the flowline, which layer includes 
at least one chamt>er substantially filled with an 
insulation composition, said insulation composition 
comprising a plurality of packed solid particles of 
lightweight material, whereby a plurality of pores 
are formed between the particles, which pores are 
substantially filled with a fluid. The fluid has a high 
flow resistance in said chamber because of the 
presence of the particles, so that convection of the 
fluid through the chamber is substantially reduced. 
In this manner an insulation composition of par- 
ticles and stagnant fluid is provided which has 
adequate insulating properties because of the sub- 
stantial absence of convection of the fluid. The 
particles can be packed together without bonding, 
but if necessary they can be adhesively bonded or 
thermally fused together to improve tiie interpar- 
ticulate shear strength. 

In a suitable embodiment of the flowline sys- 
tem according to the invention, said chaml)er is 
defined within a carrier pipe, each flowline extend- 
ing through the carrier pipe in the longitudinal 
direction thereof, said insulation composition being 
located between the outer surface of each flowline 
and the inner surface of the earner pipe. The 
flowline system can comprise a single flowline In- 
side the carrier pipe, in which case the chamber 
forms an annular chamber, or can comprise a 
plurality of flowlines. In practice the number of 
flowlines will be less than approximately twenty. 

Alternatively, said chamber Is defined within a 
sleeve made of a flexible material, which sleeve is 
wrapped around the flowline. said insulation com- 
position being located within said sleeve. Suitably, 
the sleeve is wrapped helically around the flowline. 
The cross-section of such a wrapped sleeve can 



have a substantially rectangular shape with a width 
of between 0.08-0.12 m and a height of between 
0.01-0.03 m. 

To increase the weight of the flowline system. 
5 the fluid suitably comprises a liquid, which liquid 
can be seawater in case of an offshore flowline 
system. 

Suitable particles, which have adequate insulat- 
ing properties and sufficient mechanical strength, 
10 comprise a polyolefin which may be in the form of 
a homo- or a copolymer. The particles can be 
subjected to severe compressive loads during in- 
stallation or during operation of the ftowline system, 
for example when the system is reeled onto a reel, 
75 or when the system is subjected to high hydro- 
static forces in an oflshore environment. Particles 
which meet these requirements comprise a com- 
posite material, whereby the polyolefin forms the 
matrix material. The filler can comprise hollow 
20 microspheres substantially alone, or in combination 
with other filler materials, including non-hollow filler 
materials such as talc, chalk, barium carbonate or 
chopped glass fibres. 

Preferably, the polyolefin is selected from the 
25 group of polypropylene and polybutylene. Suitable 
copolymers are those comprising from 5 to 20 wt% 
of ethylene as comonomer. The homo- or 
copolymers may be employed in the form of 
blends with other polymers, such blends then com- 
30 prising 1-50 wt%. preferably 10-40 wt% of other 
polymers such as polyamides and thermoplastic 
elastomers, e.g. those under the Trade Mark 
KRATON, and EPDM rubbers. 

The flow resistance of the fluid in the pores is 
35 adequately high when particles of diameter less 
than 5 mm are applied, said diameter being suit- 
ably between 2-4 mm. 

The weight of the flowline system remains suf- 
ficientiy low during transportation or installation 
40 thereof when the particles have a density of less 
than 700 kg/m^. 

Convection of the flukJ through the pores be- 
tween the particles is adequately reduced when the 
chamber is filled with particles to a volume of 
45 between 55-75% of said chamber. 

There is further provided a method of creating 
an insulated flowline system, comprising assem- 
bling at least one flowline witiiin a carrier pipe so 
that the flowline extends through tiie carrier pipe in 
60 the longitudinal direction thereof, whereby a cham- 
ber Is fonmed between the outer surface of each 
flowline and the Inner surface of the carrier pipe, 
transporting the flowline system tiirough a body of 
water to a selected offshore location, substantially 
55 filling said chamber with an insulation composition 
comprising a plurality of packed solid particles of 
lightweight material, whereby a plurality of pores 
are formed between the particles,, substantially fill- 
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ing said pores with a fluid and lowering the system 
to the seabed. By fiiiing the chamber with the 
insulation composition at the location of installation, 
it is achieved that the system is relatively light 
during transportation thereof. Instead of fiiiing said 
chamber with the insulation composition at the lo- 
cation of installation only, said chamber can also 
be filled with a first portion of said particles at the 
construction site, whereafter the chamber is filled 
with a second portion of the particles and with the 
fluid at the location of Installation. In this manner a 
selected buoyancy of the system during transporta- 
tion thereof through the seawater can be achieved. 
The invention will now be described by way of 
example in more detail with reference to the ac- 
companying drawings, in which: 

Fig. 1 shows schematically a flowline system 
which is created with the method according to 
the invention; 

Fig. 2 shows cross-section 2-2 of Rgure 1 ; and 
Fig. 3 shows schematically a transverse section 
of an insulated flowline provided with electric 
heater cables. 

In Rgs. 1 and 2 there is shown a flowline 
system in the form of a flowline bundle 1 for an 
offshore application, which bundle 1 includes four 
flowlines 3,5,7,9 for the transportation of hot crude 

011 or natural gas from a subsea wellhead to a 
processing facility. The flowlines 3.5,7,9 are ar- 
ranged inside a carrier pipe 1 0 whereby a chamt>er 

12 is present between the outer surfaces of the 
flowlines 3.5,7,9 and the inner surface of the carrier 
pipe 10. The flowline bundle 1 is to be towed at a 
controlled depth through the seawater from an on- 
shore construction site to a selected offshore loca- 
tion where the bundle Is to be lowered to the 
seabed. 

At the construction site the flowlines 3,5.7,9 are 
assembled inside the cam'er pipe 10 whereby 
spacers (not shown) are applied between the 
flowlines 3.5,7,9 and the canrier pipe 10 to keep the 
flowlines 3,5,7,9 in place. End caps 14,16 are tem- 
porarily provided at both ends 18,20 of the carrier 
pipe 10 to close the ends 18,20 of the carrier pipe 
10 and of the flowlines 3.5,7,9. One of the end 
caps 14 is provided with an inlet 22 for seawater. 
which inlet 22 is temporarily closed by means of a 
valve 24. Air vent conduits 26,28 are provided at 
both end caps 14.16, each air vent conduit 26,28 
being temporarily closed by a valve 30,32. The end 
cap 14 is furthermore provided with an inlet conduit 
34 for inserting solid lightweight particles 36 into 
the chamber 12, which inlet conduit 34 is con- 
nected to a compressor 40 for blowing air into the 
chamber 12 and to a feed conduit 42 for feeding 
the particles 36 to the inlet conduit 34, the feed 
conduit 42 being connected to a reservoir 44 in 
which the particles 36 are stored. The carrier pipe 



10 is at the upper side thereof provided with small 
holes 46 located at regular distances along its 
length, the holes 46 being smaller in diameter than 
the diameters of the particles 36. The reservoir 44 

5 Is filled with solid lightweight particles 36 made of a 
composite material of hollow microspheres of In- 
organic glass embedded in a matrix of poly- 
propylene, which composite material is described 
in British patent application No. 9017203.2. Such 

10 particles typically have a compressive modulus of 
between 1.1-1.5 GPa at 20 *C. and between 270- 
300 MPa at 120*C, and a compressive strength of 
between 30-40 MPa at 20 *C. and between 8-9 
MPa at 120' C. At least some of the microspheres 

75 have been treated with a reagent in the form of an 
organic peroxide which acts as a chain-scission 
agent for the polypropylene. Such particles have 
excellent insulating properties and are capable of 
withstanding high hydrostatic forces. 

20 A first portion of the particles 36 is inserted into 

the chamber 12 by operating the compressor 40 
which induces a stream of air 50 to flow through 
the inlet conduit 34 and into the chamber 12. The 
particles 36 are induced to flow by gravity through 

25 the feed conduit 42, and are thereby entrained In 
the stream of air 50. Thus, the particles 36 are 
blown with the air from the stream of air 50 into the 
chamber 12, while the air is vented through the 
holes 46. When the chamber 12 has been partly 

30 filled with particles 36, the compressor 40 is stop- 
ped, whereafter the inlet conduit 34 and the holes 
46 in the cam'er pipe 10 are closed using suitable 
plugs. 

Thereafter the flowline bundle 1 is towed at a 

35 controlled depth through the seawater to the de- 
sired location. When the flowline bundle 1 has 
arrived at the selected location, a remaining second 
portion of the particles is inserted into the chamber 
in a manner similar to insertion of the first portion 

40 into the chamber. Next, the inlet conduit 34 and the 
holes 46 in the carrier pipe 10 are closed again, 
and the valves 24,30.32 are opened thereby allow- 
ing seawater to flow Into the chamber 12 and to fill 
the pores between the particles 36. The air which 

45 is initially present in the pores is thereby vented 
through the vent conduits 26,28. As the seawater 
flows into the chamber 1 2 the weight of the bundle 
1 gradually increases, thus promoting the descend 
of the bundle 1 to the seabed. When the pores are 

50 completely filled with seawater, the valves 24,30,32 
are closed. 

After installation of the bundle 1 on the seabed, 
the flowlines 3,5.7,9 are connected at their respec- 
tive ends to other fluid transport facilities (not 
55 shown) which do not form part of the present 
invention. 

Instead of applying the inlet conduit which is 
connected to the end cap, an elongated conduit 
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which is axially slidable into the chamber can be 
applied. During filling of the chamber with particles, 
the elongated conduit Is gradually withdrawn from 
the chamber during filling thereof with particles. 

In an alternative installation procedure, the 
flowline bundle is reeled onto a reel after the par- 
ticles have been Inserted into the chamber be- 
tween the flowlines and the carrier pipe. To protect 
the particles from mechanical loads due to reeling 
of the bundle, helical spacers are arranged be- 
tween the flowline(s) and the carrier pipe, which 
spacers are designed to transfer compressive 
stresses and shear stresses from the carrier pipe to 
the flowrme(s). 

Instead of filling the chamber between the par- 
ticles with seawater, the chamber can be filled with 
any liquid which does not cause significant deterio- 
ration to the particles or pipes and has an ade- 
quately low thermal conductivity. The chamber can 
also be filled with a liquid which solidifies on cool- 
ing, for example bitumen or wax, or which can 
react chemically to form a solid, for example poly- 
urethane. 

The Insulated flowline system shown In Fig. 3 
includes three electric cables 60,62,64 for elec- 
trically heating a flowline 66. which cables 60.62.64 
extend along at least a substantial part of the 
length of the flowline 66. The flowline 66 is pro- 
vided with an anti-corrosion coating 68 of polych- 
loroprene and an insulation layer made of three 
separate chambers 70,72,74 containing an insula- 
tion composition of a plurality of packed solid par- 
ticles and air present in the pores between the 
particles. The particles are made of a composite 
material of a polypropylene matrix in which hollow 
glass microspheres are embedded. Each chamber 
70,72,74 Is arranged around a part of the circum- 
ference of the flowline 66. The walls 76.78,80 of the 
respective chambers 70.72,74 are made of polyeth- 
ylene or from any other suitable material. The 
chambers 70,72,74 are attached to the flowline 66 
by means straps (not shown). 

The invention Is further illustrated in the follow- 
ing examples: 

Example 1 

Particles made of hollow glass microspheres 
embedded in a matrix of polypropylene and having 
a diameter of 3mm were inserted Into an annular 
chamber formed between a 0.09 m diameter steel 
pipe and a 0.2 m diameter outer plastic sleeve. 
The thus insulated pipe was mounted In a horizon- 
tal position and heat flow measurements were 
made on the highest and lowest points at the 
outside surface of the sleeve when said outside 
surface was maintained at 25*C and oil at 95'C 
flowed through the steel pipe. Heat flux values of 



54 W/m2 and 50 W/m^ were measured from the 
highest and lowest points of the sleeve respec- 
tively. The relatively small difference between tiie 
measured heat fluxes showed that heat transfer by 
5 convection of air tifirough the pores was small. 

Example 2 

Bght steel flowlines of outer diameter 4,5 inch 

10 and wall thickness 0.237 inch, and six steel 
flowlines of outer diameter 2.375 inch and wall 
thickness 0.154 inch were assembled in a steel 
carrier pipe of outer diameter 27.5 inch and wall 
thickness 0.469 inch. Spherical particles having a 

75 diameter of 4 mm, a density of 600 kg/m^, and a 
thermal conductivity of 0.14 W/m.K. which particles 
are made of syntactic foam in the form of the 
composite material prepared with the method de- 
scribed in British patent application No. 9017203.2, 

20 were inserted at the construction site In the cham- 
ber between tiie flowlines and the canier pipe up to 
35 kg/m length. The flowline bundle was then sub- 
stantially neutral buoyant, and was towed at a con- 
trolled depth through the seawater to the desired 

25 location where additional particles were inserted up 
to 93 kg/m length. Subsequentiy, the pores be- 
tween the particles were flooded with seawater. 
The specific weight of the bundle was then 1460 
kg/m^ and the overall thermal conductivity was 

30 approximately 0.17 W/m.K. 

Example 3 

The same flowlines and canrier pipe as in ex- 

35 ample 1 were used. Spherical beads having a 
diameter of at maximum 4 mm, a density of 250 
kg/m^. and a thermal conductivity of 0.06 W/m.K. 
which particles are made of syntactic foam in the 
form of holtow glass microspheres emfc^edded in a 

40 matrix of expanded polystyrene were inserted at 
the construction site in the chamber between the 
ftowlines and the carrier pipe up to 35 kg/m length. 
The flowline bundle was tiien substantially neutral 
buoyant, and was towed at a controlled depth 

45 through the seawater to the desired location where 
additional particles were inserted up to 53 kg/m 
length, and the pores between the particles were 
flooded with seawater. The specific weight of the 
bundle was then 1260 kg/m^ and tiie overall ther- 

50 mal conductivity was approximately 0.08 W/m.K. 

Claims 

1. An insulated flowline system comprising at 
55 least one fkwiine and an insulation layer sub- 

stantially surrounding the flowline, which layer 
includes at least one chamber substantially 
filled with an Insulation composition, said In- 
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sulation compositton comprising a plurality of 
packed solid particles of lightweight material, 
whereby a plurality of pores are formed (be- 
tween the particles, which pores are substan- 
tially filled with a fluid. 

2. The insulated flowline system of claim 1, 
wherein said chamber is defined within a car- 
rier pipe, each flowline extending through the 
carrier pipe in the longitudinal direction thereof, 
said insulation composition being located be- 
tween the outer surface of each flowline and 
the inner surface of the canier pipe. 

3. The flowline system of claim 1, wherein said 
chamber is defined within a sleeve made of a 
flexible material, which sleeve is arranged ar- 
ound the flowline, said insulation composition 
being located within said sleeve. 

4. The flowline system of any one of claims 1-3,. 
wherein said fluid comprises seawater, and the 
flowline system forms an offshore flowline sys- 
tem. 

5. The flowline system of any one of claims 1-4. 
wherein said particles include a composite ma- 
terial. 

6. The flowline system of claim 5, wherein said 
composite material includes hollow glass 
microspheres embedded in a polyolefin matrix 
material. 

7. The flowline system of claim 6, wherein said 
polyolefin matrix material is selected from the 
group of polystyrene, polypropylene and poly- 
butylene. 

8. The flowline system of any one of claims 1-7, 
further comprising at least one electric cable 
for electrically heating said at least one 
flowline, said cable extending along at least a 
substantial part of the length of the flowline 
system. 

9. The flowline system of claim 8. wherein said 
electric cable is arranged between a first and a 
second of said chambers, each of said cham- 
bers being arranged around a part of the cir- 
cumference of the flowline and extending in 
the longitudinal direction of the flowline sys- 
tem. 

10. A method of creating an insulated flowline sys- 
tem, comprising assembling at least one 
flowline within a carrier pipe so that the 
flowline extends through the carrier pipe in the 
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longitudinal direction thereof, whereby a cham- 
ber is formed between the outer surface of 
each flowline and the inner surface of the 
cam'er pipe, transporting the flowline system 

5 through a body of water to a selected offshore 

location, substantially filling said chamber with 
an insulation composition comprising a plural- 
ity of packed solid particles of lightweight ma- 
terial, whereby a plurality of pores are formed 

10 between the particles, substantially filling said 

pores with a fluid and lowering the system to 
the seabed. 
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